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(57) ABSTRACT

The high luminance semiconductor light emitting device
comprises: a GaAs substrate structure including a GaAs layer
(3), a first metal butlfer layer (2) disposed on a surface of the
(GaAs layer, a first metal layer (1) disposed on the first metal
butter layer, and a second metal butfer layer (4) and a second
metal layer (3) disposed at a back side of the GaAs layer; and
a light emitting diode structure disposed on the GaAs sub-
strate structure and including a third metal layer (12), a metal
contact layer (11) disposed on the third metal layer, a p type
cladding layer (10) disposed on the metal contact layer, a
multi-quantum well layer (9) disposed on the p type cladding
layer, an n type cladding layer (8) disposed on the multi-
quantum well layer, and a window layer 7 disposed on the n
type cladding layer, wherein the GaAs substrate structure and
the light emitting diode structure are bonded by using the first
metal layer (1) and the third metal layer (12).
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SEMICONDUCTOR LIGHT EMITTING
DEVICE AND FABRICATION METHOD FOR
THE SAME

TECHNICAL FIELD

The present invention relates to a semiconductor light
emitting device and a fabrication method for the same, and 1n
particular, relates to a semiconductor light emitting device
formed for bonding a light emitting diode having a metallic
reflecting layer, and a non-transparent substrate layer by
waler bonding technology, and a fabrication method for the
same.

BACKGROUND ART

A structure which forms a metallic reflecting layer as an

optical reflecting layer between a substrate and an active layer
composed of an MQW (Multi-Quantum Well) layer 1s pro-
posed 1n order to perform the high brightness of an LED
(Light Emitting Diode). As a method of forming such a metal-
lic reflecting layer, the water bonding technology of a sub-
strate of a light emitting diode layer 1s disclosed 1n Patent
Literature 1 and Patent Literature 2, for example.

In Patent Literature 1 and Patent Literature 2, the purpose
1s to provide a fabrication method of a light emitting diode
which can fabricate a light emitting diode having a desired
mechanical characteristic and optical transparency, and can
make a minimum specific resistance of boundary surface
between a transparent layer and a growth layer; and 1t 1s
characterized by fabricating the light emitting diode by
removing a temporary growth substrate alter growing up a

light emitting diode layer one after another on the temporary
growth substrate and forming a light emitting diode structure
having a relatively thin layer, and wafer-bonding a conductive
and optical transparent substrate on the light emitting diode
layer which becomes a buffer layer of lower layer on the
position 1nstead of the temporary growth substrate.

In Patent Literature 1 and Patent Literature 2, transparent
materials, such as GaP and sapphire, are applied to the sub-
strate used for the water bonding.

Patent Literature 1: Japanese Patent Application Laying-

Open Publication No. H06-302857

Patent Literature 2: U.S. Pat. No. 5,376,580

A schematic cross-section structure of a conventional
semiconductor light emitting device formed by the waler
bonding technology 1s expressed as shown 1n FI1G. 23 to FIG.
25.

For example, as shown in FIG. 23, a conventional semi-
conductor light emitting device includes: an Au—=Sn alloy
layer 14 disposed on a GaAs substrate 15; a barrier metal
layer 13 disposed on the Au—=5Sn alloy layer 14; a p type
cladding layer 10 disposed on the barrier metal layer 13; an
MQW layer 9 disposed on the p type cladding layer 10; an n
type cladding layer 8 disposed on the MQW layer 9; and a
window layer 7 disposed on the n type cladding layer 8.

In the conventional semiconductor light emitting device
shown 1n FIG. 23, the metal used for the waler bonding 1s
Au—Sn alloy. As for the Au—Sn alloy, since the melting
point 1s low, the Au—=Sn alloy at the side of an epitaxial
growth layer composing an LED 1n low temperature, and the
Au—Sn alloy at the side of the GaAs substrate 15 can be
melted and bonded.

However, since thermal diffusion of Sn occurs when using,
the Au—=Sn alloy layer 14, 1n order to prevent the diffusion of
Sn, as shown 1 FIG. 23, 1t 1s necessary to insert the barrier
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metal layer 13. Moreover, there 1s a problem that the Au—=Sn
alloy layer 14 has a wrong optical reflection factor.

For example, as shown in FIG. 24, another conventional
semiconductor light emitting device includes: a metallic
reflecting layer 16 disposed on a GaAs substrate 15; a p type
cladding layer 10 disposed on the metallic reflecting layer 16;
an MQW layer 9 disposed on the p type cladding layer 10; an
n type cladding layer 8 disposed on the MQW layer 9; and a
window layer 7 disposed on the n type cladding layer 8. In the
conventional semiconductor light emitting device shown 1n
FIG. 24, there 1s a problem that light cannot be efficiently
reflected 1n the metallic reflecting layer 16 fabricated by
bonding the GaAs substrate 15 since the optical absorption
occurs 1n the interface between metal and a semiconductor.
That 1s, there 1s a problem that the optical absorption occurs in
the 1nterface between the p type cladding layer 10 and the
metallic retlecting layer 16.

In order to perform high brightness of the semiconductor
LED (Light Emitting Device), there 1s also amethod of insert-
ing a DBR (Distributed Bragg Retflector) layer between the
(GaAs substrate and the active layer (MQW) as an optical
reflecting layer. The LED of the structure which does not
insert the DBR becomes dark since the light which emitted 1n
the MQW layer 1s absorbed by the GaAs substrate. Therefore,
in order to perform the high brightness of the LED using the
(GaAs substrate, the DBR 1s used as the optical reflecting
layer.

That 1s, as shown 1n FIG. 25, another conventional semi-
conductor light emitting device includes: a DBR layer 19
disposed on a GaAs substrate 15; a p type cladding layer 10
disposed on the DBR layer 19; an MQW layer 9 disposed on
the p type cladding layer 10; an n type cladding layer 8
disposed on the MQW layer 9; and a window layer 7 disposed
on the n type cladding layer 8. In the conventional semicon-
ductor light emitting device shown in FIG. 25, the DBR layer
19 1s used as an optical reflecting layer between the GaAs
substrate 15 and the MQW layer 9. There 1s a problem that the
DBR layer 19 reflects only an incident light from a certain one
way, the DBR does not reflect light 11 an incident angle
changes, and the DBR layer 19 does not reflects an incident
light from other angle and then passes through the incident
light. Therefore, there 1s a problem that the passed through
light 1s absorbed by the GaAs substrate 15 and the light
emitting brightness of the semiconductor LED (Light Emiut-
ting Device) 1s reduced.

The conventional semiconductor light emitting device
formed by the water bonding technology needs to insert the
barrier metal layer, 1n order to prevent the thermal diffusion of
Sn, when using the Au—=Sn alloy layer as a metal used for the
waler bonding. Moreover, the Au—Sn alloy layer has a
wrong optical reflection factor.

Moreover, even 1 the metallic reflecting layer 1s formed by
bonding the substrate, the optical absorption occurs in the
interface between the metal and the semiconductor, and then
the light cannot be reflected efficiently.

Moreover, when the DBR layer 1s used as the reflecting
layer, the DBR layer reflects only an incident light from a
certain one way, the DBR layer does not reflect and passes
through the mncident light 1t an incident angle changes, and the
incident light 1s absorbed by the GaAs substrate, thereby the
light emitting brightness of LED 1s reduced.

Then, the purpose of the present invention 1s to provide a
semiconductor light emitting device with the high luminance
formed by performing the wafer bonding of the substrate
using a non-transparent semiconductor substrate, such as
(GaAs and S1, and forming the metallic reflecting layer, and a
tabrication method for the same.
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Moreover, the purpose of a present invention 1s to provide
a semiconductor light emitting device with the high lumi-

nance formed by avoiding the contact between a semiconduc-
tor and metal, preventing the optical absorption 1n the inter-
face between the semiconductor and the metal, and forming
the metallic reflecting layer having a suflicient reflection fac-
tor, by inserting a transparent insulating film between the
metal and the semiconductor, and a fabrication method for the
same.

Moreover, the purpose of the present ivention 1s to pro-
vide a semiconductor light emitting device with the high
luminance which becomes possible to retlect the light of all
angles by using not the DBR but a metal layer for the optical
reflecting layer, and a fabrication method for the same.

DISCLOSURE OF INVENTION

One aspect of the semiconductor light emitting device of
the present invention for achieving the above-mentioned pur-
pose 1s characterized by comprising: a GaAs substrate struc-
ture including a GaAs layer, a first metal butfer layer disposed
on a surface of the GaAs layer, a first metal layer disposed on
the first metal buffer layer, a second metal buifer layer dis-
posed at a back side of the GaAs layer, and a second metal
layer disposed on a surface of an opposite side of the GaAs
layer of the second metal buller layer; and a light emitting
diode structure disposed on the GaAs substrate structure and
including a third metal layer, a metal contact layer disposed
on the third metal layer, a p type cladding layer disposed on
the metal contact layer, a multi-quantum well layer disposed
on the p type cladding layer, an n type cladding layer disposed
on the multi-quantum well layer, and a window layer dis-
posed on the n type cladding layer, wherein the GaAs sub-
strate structure and the light emitting diode structure are
bonded by using the first metal layer and the third metal layer.

Another aspect of the semiconductor light emitting device
of the present mvention 1s characterized by comprising: a
(GaAs substrate; a metal layer disposed onthe GaAs substrate;
and a light emitting diode structure including a patterned
metal contact layer and a patterned insulating layer disposed
on the metal layer, a p type cladding layer disposed on the
patterned metal contact layer and the patterned insulating
layer, a multi-quantum well layer disposed on the p type
cladding layer, an n type cladding layer disposed on the
multi-quantum well layer, and a window layer disposed on
the n type cladding layer, wherein the GaAs substrate and the
light emitting diode structure are bonded by using the metal
layer.

Another aspect of the semiconductor light emitting device
of the present mvention 1s characterized by comprising: a
(GaAs substrate structure including a GaAs substrate, and a
first metal layer disposed on a surface of the GaAs substrate;
and a light emitting diode structure disposed on the afore-
mentioned GaAs substrate structure and including a second
metal layer, a p type cladding layer disposed on the second
metal layer, a multi-quantum well layer disposed on the p type
cladding layer, an n type cladding layer disposed on the
multi-quantum well layer, and a window layer disposed on
the n type cladding layer, wherein the GaAs substrate and the
light emitting diode structure are bonded by using the first
metal layer and the second metal layer.

Another aspect of the semiconductor light emitting device
of the present mvention 1s characterized by comprising: a
silicon substrate structure including a silicon substrate, a
titanium layer disposed on the silicon substrate, and a first
metal layer disposed on the titanium layer; and a light emait-
ting diode structure including a second metal layer disposed
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4

on the first metal layer, a patterned metal contact layer and a
patterned insulating layer disposed on the second metal layer,

an epitaxial growth layer disposed on the patterned metal
contact layer and the patterned insulating layer and having a
frosting processing region on a surface exposed, a patterned n
type GaAs layer disposed on the epitaxial growth layer, and a
patterned surface electrode layer disposed on the n type GaAs
layer, wherein the silicon substrate structure and the light
emitting diode structure are bonded by using the first metal
layer and the second metal layer.

Another aspect of the semiconductor light emitting device
of the present mvention 1s characterized by comprising: a
(GaAs substrate structure including a GaAs substrate, a metal
butler layer disposed on the GaAs substrate, and a first metal
layer disposed on the metal buifer layer; and a light emitting
diode structure including a second metal layer disposed on
the first metal layer, a patterned metal contact layer and a
patterned insulating layer disposed on the second metal layer,
an epitaxial growth layer disposed on the patterned metal
contact layer and the patterned insulating layer and having a
frosting processing region on a surface exposed, a patterned n
type GaAs layer disposed on the epitaxial growth layer, and a
patterned surface electrode layer disposed on the n type GaAs
layer, wherein the GaAs substrate structure and the light
emitting diode structure are bonded by using the first metal
layer and the second metal layer.

Another aspect of the fabrication method for the semicon-
ductor light emitting device of the present invention 1s char-
acterized by comprising: preparing a semiconductor substrate
structure for water bonding and a light emitting diode struc-
ture for water bonding; forming a first metal layer on a semi-
conductor substrate 1in the semiconductor substrate structure;
forming an AllnGaP layer on a GaAs substrate, an n type
GaAs layer, and an epitaxial growth layer one after another 1n
the light emitting diode structure; forming a metal contact
layer and a second metal layer for a patterned insulating layer
on the epitaxial growth layer; bonding the semiconductor
substrate structure for the wafer bonding, and the light emit-
ting diode structure for the water bonding by thermocompres-
sion bonding; removing the GaAs substrate by etching;
removing an AlInGaP layer; performing pattern formation of
a surface electrode layer; and removing the n type GaAs
layers except the n type GaAs layer directly under the surface
clectrode layer by performing frosting processing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 It 1s a schematic cross-sectional configuration dia-
gram of a p type GaAs substrate applied to a semiconductor
light emitting device and a fabrication method for the same
according to a first embodiment of the present invention.

FIG. 2 It 1s a schematic cross-sectional configuration dia-
gram of an n type GaAs substrate applied to the semiconduc-
tor light emitting device and the fabrication method for the
same according to the first embodiment of the present inven-
tion.

FIG. 3 It 1s a schematic cross-sectional configuration dia-
gram ol an LED applied to the semiconductor light emitting
device and the fabrication method for the same according to
the first embodiment of the present invention.

FIG. 4 It 1s a schematic cross-sectional configuration dia-
gram of the semiconductor light emitting device according to
the first embodiment of the present invention.

FIG. 5 It 1s a schematic cross-sectional configuration dia-
gram of an LED applied to a semiconductor light emitting
device and a fabrication method for the same according to a
second embodiment of the present invention.
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FIG. 6 It 1s a schematic cross-sectional configuration dia-
gram of an LED applied to a semiconductor light emitting
device and a fabrication method for the same according to a
modified example of the second embodiment of the present
invention.

FIG. 7 It 1s a schematic cross-sectional configuration dia-
gram of the semiconductor light emitting device according to
the second embodiment of the present invention.

FIG. 8 It 1s a schematic cross-sectional configuration dia-
gram ol a GaAs substrate applied to a semiconductor light
emitting device and a fabrication method for the same accord-
ing to a third embodiment of the present invention.

FIG. 9 It 1s a schematic cross-sectional configuration dia-
gram of an LED applied to the semiconductor light emitting
device and the fabrication method for the same according to
the third embodiment of the present invention.

FIG. 10 It 1s a schematic cross-sectional configuration
diagram of the semiconductor light emitting device according
to the third embodiment of the present invention.

FIG. 11 It 1s a schematic cross-sectional configuration
diagram of an S1 substrate applied to a semiconductor light
emitting device and a fabrication method for the same accord-
ing to a fourth embodiment of the present invention.

FIG. 12 It 1s a schematic cross-sectional configuration
diagram of an LED applied to the semiconductor light emat-
ting device and the fabrication method for the same according,
to the fourth embodiment of the present invention.

FI1G. 13 It1s a schematic plane pattern structural drawing of
the LED applied to the semiconductor light emitting device
and the fabrication method for the same according to the
fourth embodiment of the present invention.

FIG. 14 It 1s another schematic plane pattern structural
drawing of the LED applied to the semiconductor light emut-
ting device and the fabrication method for the same according
to the fourth embodiment of the present invention.

FIG. 15 It 1s a schematic cross-sectional configuration
diagram for explaining one process of the fabrication method
of the semiconductor light emitting device according to the
fourth embodiment of the present invention.

FIG. 16 It 1s a schematic cross-sectional configuration
diagram for explaining one process of the fabrication method
of the semiconductor light emitting device according to the
fourth embodiment of the present invention.

FIG. 17 It 1s a schematic cross-sectional configuration
diagram for explaining one process of the fabrication method
of the semiconductor light emitting device according to the
fourth embodiment of the present invention.

FIG. 18 It 1s a schematic cross-sectional configuration
diagram for explaining one process of the fabrication method
of the semiconductor light emitting device according to the
fourth embodiment of the present invention.

FIG. 19 It 1s a schematic cross-sectional configuration
diagram for explaining one process of the fabrication method
of the semiconductor light emitting device according to the
fourth embodiment of the present invention.

FIG. 20 It 1s a schematic cross-sectional configuration
diagram for explaining one process of the fabrication method
of the semiconductor light emitting device according to the
fourth embodiment of the present invention.

FIG. 21 It 1s a schematic cross-sectional configuration
diagram for explaining one process of a fabrication method of
a semiconductor light emitting device according to a modified
example of the fourth embodiment of the present invention.

FIG. 22 It 1s a schematic cross-sectional configuration
diagram for explaining one process of a fabrication method of

10

15

20

25

30

35

40

45

50

55

60

65

6

a semiconductor light emitting device according to another
modified example of the fourth embodiment of the present
invention.

FIG. 23 It 1s a schematic cross-sectional configuration
diagram of a conventional semiconductor light emitting
device.

FIG. 24 It 1s another schematic cross-sectional configura-
tion diagram of the conventional semiconductor light emait-
ting device.

FIG. 25 It 1s another schematic cross-sectional configura-

tion diagram of the conventional semiconductor light emit-
ting device.

BEST MODE FOR CARRYING OUT TH
INVENTION

L1l

Next, an embodiment of the invention 1s described with
reference to drawings. In the description of the following
drawings, the same or similar reference numeral 1s attached to
the same or similar part. However, a drawing 1s schematic and
it should care about differing from an actual thing. Drawings
are schematic, not actual, and may be inconsistent 1n between
in scale, ratio, etc.

The embodiment shown 1n the following exemplifies the
device and method for materializing the technical idea of the
invention, and the technical idea of the invention does not
specily assignment ol each component parts, etc. as the fol-
lowing. Various changes can be added to the technical 1dea of
the mvention 1 scope of claims.

First Embodiment

(Element Structure)

It 1s applicable also 1 any of a p type and an n type, as a
conductivity type of a GaAs substrate applied to a semicon-
ductor light emitting device and a fabrication method for the
same according to a first embodiment of the present inven-
tion.

A schematic cross-section structure of a p type GaAs sub-
strate applied to the semiconductor light emitting device and
the fabrication method for the same according to the present
embodiment 1s expressed as shown 1n FIG. 1. Moreover, a
schematic cross-section structure of an n type GaAs substrate
applied to the semiconductor light emitting device and the
tabrication method according to the present embodiment for
the same 1s expressed as shown in FIG. 2. Moreover, a sche-
matic cross-section structure of an LED applied to the semi-
conductor light emitting device and a fabrication method for
the same according to the present embodiment 1s expressed as
shown 1n FIG. 3.

A schematic cross-section structure of the semiconductor
light emitting device according to the present embodiment
tformed by bonding mutually the LED shown 1n FIG. 3 with
the p type GaAs substrate or the n type GaAs substrate shown
in FIG. 1 or FIG. 2 by water bonding technology 1s expressed
as shown 1n FIG. 4.

As shown 1n FIG. 1, the p type GaAs substrate applied to
the semiconductor light emitting device and the fabrication
method for the same according to the present embodiment
includes: a p type GaAs layer 3; a metal builer layer 2 dis-
posed on the surface of the p type GaAs layer 3; a metal layer
1 disposed on the metal buifer layer 2; a metal butfer layer 4
disposed at the back side of the p type GaAs layer 3; and a
metal layer 5 disposed on the surface of the opposite side at
the side of the p type GaAs layer 3 of the metal butler layer 4.

As shown 1n FIG. 2, the n type GaAs substrate applied to
the semiconductor light emitting device and the fabrication
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method for the same according to the present embodiment
includes: an n type GaAs layer 6; a metal bufler layer 2
disposed on the surface of the n type GaAs layer 6; a metal
layer 1 disposed on the metal bufler layer 2; a metal bulfer
layer 4 disposed at the back side of the n type GaAs layer 6;
and a metal layer 5 disposed on the surface of the opposite
side at the side of the n type GaAs layer 6 of the metal buffer
layer 4.

In the structure of FIG. 1, each the metal layers 1 and 5 are
tormed of an Au layer, and each the metal buifer layers 2 and
4 can be all formed, for example of an AuBe layer 1n order to
achieve the electrical contact to the p type GaAs layer 3.
Moreover, 1n the structure of FIG. 2, each the metal layers 1
and 5 are formed of an Au layer, and each the metal buifer
layers 2 and 4 can be formed, for example of an AuGe layer in

order to achieve the electrical contactto the ntype GaAs layer
6.

As shown 1n FIG. 3, a schematic cross-section structure of
the LED applied to the semiconductor light emitting device
and the fabrication method for the same according to the
present embodiment 1ncludes: a metal layer 12; a metallic
contacts layer 11 disposed on the metal layer 12; a p type
cladding layer 10 disposed on the metallic contacts layer 11;
an MQW layer 9 disposed on the p type cladding layer 10; an
n type cladding layer 8 disposed on the MQW layer 9; and a
window layer 7 disposed on the n type cladding layer 8.

In the structure of FIG. 3, the metal layer 12 1s formed, for
example of an Au layer. Moreover, the metallic contacts layer
11 1s formed, for example of an AuBe layer or an alloy layer
of AuBe and N1. The p type cladding layer 10 1s formed of an
AlGaAs layer or a multilayer structure of an AlGaAs layer
applying the conductivity type as p~ type and an AlGaAs
layer applying the conductivity type as p~ type, for example,
and the thickness 1s about 0.1 um, for example. The MQW
layer 9 1s composed of MQW (multi-quantum well) structure
laminated by about 100 pairs of heterojunction pairs com-
posed of a GaAs/GaAlAs layer, for example, and the thick-
ness 1s formed in about 1.6 um, for example. The n type
cladding layer 8 1s formed, for example of an n type AlGaAs
layer, and the thickness 1s about 0.1 um, for example. The
window layer 7 1s composed, for example of a multilayer
structure of an AlGaAs layer, and a GaAs layer formed on the
multilayer structure of the AlGaAs layer, and the whole thick-
ness 1s about 0.95 um.

As shown in FIG. 4, the semiconductor light emitting
device according to the present embodiment 1s formed by
bonding mutually the LED structure shown in FIG. 3 with the
p type GaAs substrate or the n type GaAs substrate shown in
FIG. 1 or FIG. 2 by the water bonding technology.

That 1s, as shown 1n FIG. 4, the semiconductor light emait-
ting device according to the present embodiment 1s composed
of: a p (n) type GaAs substrate structure including the p (n)
type GaAs layer 3 (6), the metal butfer layer 2 disposed on the
surface of the p (n) type GaAs layer 3 (6), the metal layer 1
disposed on the metal butter layer 2, the metal butfer layer 4
disposed at the back side of the p (n) type GaAs layer 3 (6),
and the metal layer 5 disposed on the surface of the opposite
side at the side of the p (n) type GaAs layer 3 of the metal
butler layer 4 (6); and an LED structure disposed on the
alorementioned p (n) type GaAs substrate, and including the
metal layer 12, the metallic contacts layer 11 disposed on the
metal layer 12, the p type cladding layer 10 disposed on the
metallic contacts layer 11, the MQW layer 9 disposed on the
p type cladding layer 10, the n type cladding layer 8 disposed
on the MQW layer 9, and the window layer 7 disposed on the
n type cladding layer 8.
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In order to solve the problem of the Sn diffusion from the
Au—Sn alloy layer, the p (n) type GaAs substrate structure

and the LED structure which i1s composed of epitaxial growth
layer are bonded by using the metal layer 1 and the metal layer
12. Accordingly, 1t 1s possible to form the metallic reflecting
layer which does not need a barrier metal and has a sufficient
reflection factor. The metallic reflecting layer 1s beforehand
formed of the metal layer 12 disposed at the LED structure
side. Since a mirror surface 1s formed of the interface between
the p type cladding layer 10 and the metal layer 12, the
radiated light from the LED 1s reflected 1n the aforementioned
mirror surface. Although the metallic contacts layer 11 1s a
layer for achieving the ohmic contact of the metal layer 12 and
the p type cladding layer 10, the metallic contacts layer 11 1s
intervened to the interface between the metal layer 12 and the
p type cladding layer 10, and forms a part of the mirror
surface.

As shown i FIG. 4, the semiconductor light emitting
device according to the present embodiment can bond the
metal layer 1 at the side of the GaAs substrate and the metal
layer 12 at the side of the LED structure composed of the
epitaxial growth layer by thermocompression bonding by
forming both the metal layer 1 and the metal layer 12 with the
Au layer.

The conditions of water bonding are about 250 degrees C.
to 700 degrees C., for example, and are 300 degrees C. to 400
degrees C. preferable, and the pressure of thermocompres-
s1on bonding 1s about 10 MPa to 20 MPa, for example.

According to the semiconductor light emitting device
according to the present embodiment, since the metallic
reflecting layer having the effective optical reflection factor
can be formed on the structure at the side of the LED by using
the metal layer 12 composed of Au, the high brightness of
LED can be achieved.

[l

Second Embodiment

(Element Structure)

A schematic cross-section structure of an LED applied to a
semiconductor light emitting device and a fabrication method
for the same according to a second embodiment of the present
invention 1s expressed as shown in FIG. 5. Moreover, a sche-
matic cross-section structure of an LED applied to a semi-
conductor light emitting device a fabrication method for the
same according to a modified example of the present embodi-
ment and 1s expressed as shown in FIG. 6.

A schematic cross-section structure of a semiconductor
light emitting device according to the present embodiment
formed by the watfer bonding technology by bonding mutu-
ally the LED shown 1n FIG. 6 with the p type or n type GaAs
substrate 15 1s expressed as shown 1n FIG. 7. In addition, 1n
FIG. 7, the metal layer which 1s composed of Au layer for
example, and 1s disposed on the GaAs substrate 135 1s omitting
illustration. Alternatively, 1t 1s also possible to bond the GaAs
substrate 15 and the LED structure only by the metal layer 12,
without disposing metal layers, such as an Au layer, on the
(GaAs substrate 13.

As shown 1n FIG. 5, the LED applied to the semiconductor
light emitting device and the fabrication method for the same
according to the present embodiment includes: a metal layer
12; a patterned metallic contacts layer 11 and a patterned
isulating layer 17 disposed on the metal layer 12; a p type
cladding layer 10 disposed on the patterned metallic contacts
layer 11 and the patterned insulating layer 17; an MQW layer
9 disposed on the p type cladding layer 10; an n type cladding
layer 8 disposed on the MQW layer 9; and a window layer 7
disposed on the n type cladding layer 8.
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In the structure of FIG. 5, the metal layer 12 1s formed, for
example of an Au layer, and the thickness 1s about 2.5 to 5 um,

for example. Moreover, the metallic contacts layer 11 1is
formed, for example of an AuBe layer or an alloy layer of
AuBe and Ni, for example. The thickness 1s the same grade as
the insulating layer 17, for example, and 1s about 450 nm. The
insulating layer 17 1s formed, for example of a silicon dioxide
film, a silicon nitride film, an S1ON film, an S10,N_, film, or
these multilayer films. The p type cladding layer 10 1s formed
of an AlGaAs layer or a multilayer structure of an AlGaAs
layer applying the conductivity type as p~ type and an
AlGaAs layer applying the conductivity type as p™ type, for
example, and the thickness 1s about 0.1 um, for example. The
MQW layer 9 1s composed of an MQW (Multi-Quantum
Well) structure which laminates about 100 pairs of hetero-
junction pairs composed of a GaAs/GaAlAs layer, for
example, and the thickness 1s formed 1n about 1.6 um, for
example. The n type cladding layer 8 1s formed, for example
of an n type AlGaAs layer, and the thickness 1s about 0.1 um,
tor example. The window layer 7 1s composed, for example of
a multilayer structure of an AlGaAs layer, and a GaAs layer
formed on the multilayer structure of the AlGaAs layer, and
the whole thickness 1s about 0.95 um.

Modified Example of Second Embodiment

As shown 1n FIG. 6, the LED applied to the semiconductor
light emitting device and a fabrication method for the same
according to the modified example of the present embodi-
ment mncludes: a metal layer 12; a metal buifer layer 18
disposed on the metal layer 12; a patterned metallic contacts
layer 11 and a patterned insulating layer 17 disposed on the
metal butler layer 18; a p type cladding layer 10 disposed on
the patterned metallic contacts layer 11 and the patterned
isulating layer 17; an MQW layer 9 disposed on the p type
cladding layer 10; an n type cladding layer 8 disposed on the
MQW layer 9; and a window layer 7 disposed on the n type
cladding layer 8.

In the structure of FIG. 6, the metal bufler layer 18 1s
formed, for example of Ag, Al, N1, Cr, or W layer. Since blue
light and ultraviolet light are absorbed in the metal layer 12
composed of Au layer, 1t 1s preferable to provide the metal
butfer layer 18 composed of Ag, Al, etc. 1n order to reflect the
light at the side of such short wavelength. In the structure of
FIG. 6, since each layers except the metal butfer layer 18 are
formed as well as the structure of FIG. 5, the explanation 1s
omitted.

The semiconductor light emitting device according to the
present embodiment 1s formed by bonding mutually the LED
structure shown in FIG. 5 to FIG. 6 and the GaAs substrate 15
by the wafer bonding technology, as shown 1n FIG. 7.

That 1s, as shown 1n FIG. 7, the semiconductor light emait-
ting device according to the present embodiment 1s composed
of: a GaAs substrate 15; a metal layer 12 disposed on the
(GaAs substrate 15; a metal butiler layer 18 disposed on the
metal layer 12; a patterned metallic contacts layer 11 and a
patterned 1nsulating layer 17 disposed on the metal builer
layer 18; a p type cladding layer 10 disposed on the patterned
metallic contacts layer 11 and the patterned msulating layer
17; an MQW layer 9 disposed on the p type cladding layer 10;
an n type cladding layer 8 disposed on the MQW layer 9; and
an LED structure including a window layer 7 disposed on the
n type cladding layer 8.

It 1s possible to form the metallic reflecting layer having a
suificient retlection factor by bonding the GaAs substrate 15
and the LED structure composed of the epitaxial growth layer
by using the metal layer 12. The metallic reflecting layer 1s
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beforehand formed of the metal layer 12 disposed at the LED
structure side. Since a mirror surface 1s formed of the inter-
face between the insulating layer 17, and the metal layer 12 or
the metal buffer layer 18, the radiated light from the LED 1s
reflected on the aforementioned mirror surface. Although the
metallic contacts layer 11 1s a layer for achieving the ohmic
contact of the metal layer 12 or the metal buffer layer 18, and
the p type cladding layer 10, the metallic contacts layer 11 1s
intervened to the interface between the metal layer 12 and the
p type cladding layer 10, and has the thickness of the same
grade as the insulating layer 17.

Since a substantial light emitting region 1s limited when the
pattern width of the metallic contacts layer 11 1s wide, the area
eificiency reduces and the light emitting efficiency decreases.
On the other hand, since the sheet resistivity of the metallic
contacts layer 11 increases and the forward voltage V1 of the
LED rises when the pattern width of the metallic contacts
layer 11 1s narrow, the optimal pattern width and pattern
structure exist. In some examples of a pattern, there 1s a
honeycomb pattern structure based on a hexagon or a dotted
pattern structure based on a round shape. Such pattern shape
will be explained 1n relation to a fourth embodiment, referring
to FIG. 13 and FIG. 14.

As shown 1n FI1G. 4, as for the semiconductor light emitting
device related to the present embodiment, the metal layer (not
shown) at the side of the GaAs substrate and the metal layer
12 at the side of the LED structure composed of the epitaxial
growth layer can be bonded by thermocompression bonding
by forming both the metal layer disposed on a GaAs substrate,
and the metal layer 12 disposed at the LED side by the Au
layer.

The conditions of wafer bonding are about 250 degrees C.
to 700 degrees C., for example, and are 300 degrees C. to 400
degrees C. preferable, and the pressure of thermocompres-
sion bonding 1s about 10 MPa to 20 MPa, for example.

According to the semiconductor light emitting device
according to the present embodiment, the contact between the
semiconductor layer, such as the p type cladding layer 10, and
the metal layer 12 can be avoided, the optical absorption can
be prevented, and the metallic reflecting layer having a sudifi-
cient reflection factor can be formed by forming the transpar-
ent insulating layer 17 between the metal layer 12 acting as
the metallic reflecting layer or the metal butter layer 18, and
the semiconductor layer, such as the p type cladding layer 10.

In order to perform patterning formation of the transparent
insulating layer 17 and to achieve ohmic contact, the metallic
contacts layer 11 composed of AuBe efc. 1s vapor-deposited
by liit off.

Then, the Au layer used for bonding with the GaAs sub-
strate 15 on the msulating layer 17 1s vapor-deposited, and the
metal layer 12 1s formed.

According to the semiconductor light emitting device
according to the present embodiment, the high brightness of
LED can be achieved since the contact the semiconductor
layer, such as the p type cladding layer 10, with the metal
layer 12 can be avoided, the optical absorption can be pre-
vented, and the metallic reflecting layer having the sufficient
reflection factor can be formed, by intervening the transparent
insulating layer 17 between the metallic reflecting layer and
the semiconductor layer.

Moreover, according to the semiconductor light emitting,
device according to the present embodiment, the light of short
wavelength, such as ultraviolet rays having a low retflection
factor, can be efficiently reflected on Au, and the high bright-
ness of LED can be achieved by forming the metal builer
layer 18 composed of Ag, Al, etc. between the mnsulating layer
17 and the metal layer 12.
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Moreover, according to the semiconductor light emitting
device according to the present embodiment, since the light 1s

not absorbed 1n the interface between the p type cladding

layer and the metallic retflecting layer, the high brightness of
LED can be achieved.

Third Embodiment

(Element Structure)

A schematic cross-section structure of a GaAs substrate
applied to a semiconductor light emitting device and a fabri-
cation method for the same according to a third embodiment
of the present invention 1s expressed as shown in FIG. 8.
Moreover, a schematic cross-section structure of an LED
applied to the semiconductor light emitting device and a
fabrication method for the same according to the present
embodiment 1s expressed as shown i FIG. 9.

A schematic cross-section structure of the semiconductor
light emitting device according to the third embodiment of the
present invention formed by bonding mutually the GaAs sub-
strate 15 provided with the metal layer 20 shown in FIG. 8 and
the LED shown 1n FIG. 9 by the watfer bonding technology 1s
expressed as shown i FIG. 10.

A p type or n type GaAs substrate structure applied to a
semiconductor light emitting device and the fabrication
method for the same according to the present embodiment
includes a GaAs substrate 15 and a metal layer 20 disposed on
the surface of the GaAs substrate 15, as shown 1n FIG. 8.

In the structure of FIG. 8, the metal layer 20 1s formed, for
example of an Au layer.

As shown 1n FIG. 9, a schematic cross-section structure of
the LED applied to the semiconductor light emitting device
and the fabrication method for the same according to the
present embodiment includes: a metal layer 12; a p type
cladding layer 10 disposed on the metal layer 12; an MQW
layer 9 disposed on the p type cladding layer 10; an n type
cladding layer 8 disposed on the MQW layer 9; and a window
layer 7 disposed on the n type cladding layer 8.

In the structure of FIG. 9, the metal layer 12 1s formed, for
example of an Au layer, and the thickness 1s about 1 pum.
Moreover, the p type cladding layer 10 1s formed of an
AlGaAs layer or a multilayer structure of an AlGaAs layer
applying the conductivity type as p~ type and the AlGaAs
layer applying the conductivity type as p™ type, for example,
and the whole thickness 1s formed in about 0.1 um, for
example. The MQW layer 9 1s composed of an MQW (Multi-
Quantum Well) structure which laminates about 80 to 100
pairs of heterojunction pairs composed of a GaAs/GaAlAs
layer, for example, and the whole thickness 1s formed 1n about
1.6 um, for example. The n type cladding layer 8 1s formed.,
for example of an n type AlGaAs layer, and the thickness 1s
about 0.1 um, for example. The window layer 7 1s composed.,
for example of a multilayer structure of an AlGaAs layer, and
a GaAs layer formed on the multilayer structure of the
AlGaAs layer, and the whole thickness 1s about 0.95 um.

As shown 1n FIG. 10, the semiconductor light emitting
device according to the present embodiment 1s formed by
bonding mutually the LED structure shown 1n FIG. 9 with the
p type or n type GaAs substrate shown 1n FIG. 8 by the water
bonding technology.

That 1s, as shown i FIG. 10, the semiconductor light
emitting device according to the present embodiment 1s com-
posed of: a GaAs substrate structure including the GaAs
substrate 15, and the metal layer 20 disposed on the surface of
the GaAs substrate 15; and an LED structure disposed on the
alforementioned GaAs substrate structure and including the
metal layer 12, the p type cladding layer 10 disposed on the
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metal layer 12, the MQW layer 9 disposed on the p type
cladding layer 10, the n type cladding layer 8 disposed on the

MQW layer 9, and the window layer 7 disposed on the n type
cladding layer 8.

The metallic reflecting layer 1s beforehand formed of the
metal layer 12 disposed at the LED structure side. Since a
mirror surface 1s formed of the interface between the p type
cladding layer 10 and the metal layer 12, the radiated light
from the LED 1s retlected 1n the atorementioned mirror sur-
face.

As shown 1n FIG. 10, the semiconductor light emitting
device according to the present embodiment can bond the
metal layer 20 at the side of the GaAs substrate and the metal
layer 12 at the side of the LED structure composed of the
epitaxial growth layer by thermocompression bonding by
forming both the metal layer 20 and the metal layer 12 with
the Au layer.

The conditions of watfer bonding are about 250 degrees C.
to 700 degrees C., for example, and are 300 degrees C. to 400
degrees C. preferable, and the pressure of thermocompres-
s1on bonding 1s about 10 MPa to 20 MPa, for example.

According to the semiconductor light emitting device and
the fabrication method for the same according to the present
embodiment, 1t has the characteristic at the point of perform-
ing total reflection of the light by using the metal for the
reflecting layer 1n order to prevent the optical absorption to
the GaAs substrate, and preventing the absorption to the
(GaAs substrate. As a material of the semiconductor substrate
to bond, non-transparent semiconductor substrate materials,
such as GaAs and Si, are used.

The metal layer 20 and the metal layer 12 are bonding by
using the Au layer as the metal layer 20 at the side of the GaAs
substrate 15 and using the Au layer also as the metal layer 12
at the side of the LED including the epitaxial growth layer,
and the metal layer 12 used for bonding i1s applied to the
optical reflecting layer as the metallic reflecting layer.

According to the semiconductor light emitting device and
the fabrication method for the same according to the present
embodiment, the high brightness of the LED can be per-
formed since it 1s possible to perform total reflection of the
light by using the metal for the reflecting layer, to prevent the
absorption to the GaAs substrate, and to retlect the light of all
angles, 1n order to prevent the optical absorption to the GaAs
substrate.

Fourth Embodiment

(Element Structure)

A schematic cross-section structure of a silicon substrate
applied to a semiconductor light emitting device and a fabri-
cation method for the same according to a fourth embodiment
of the present invention 1s expressed as shown i FIG. 11.
Moreover, a schematic cross-section structure of an LED
applied to the semiconductor light emitting device and a
fabrication method for the same according to the present
embodiment 1s expressed as shown 1n FIG. 12. A schematic
plane pattern structure of the LED applied to the semicon-
ductor light emitting device and the fabrication method for
the same according to the present embodiment 1s expressed as
shown 1n FI1G. 13. Moreover, another schematic plane pattern
structure 1s expressed as shown 1n FIG. 14.

As shown 1n FIG. 11, the silicon substrate 21 applied to the
semiconductor light emitting device and the fabrication
method for the same according to the present embodiment
includes a silicon substrate 21, a titanium (11) layer 22 dis-
posed on the surface of the silicon substrate 21, and a metal
layer 20 disposed on the surface of the titanium (11) layer 22.
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In the structure of FIG. 11, the thickness of the silicon
substrate 21 1s about 130 um, for example. The metal layer 20
1s formed, for example of an Au layer, and the thickness 1s
about 2.5 um.

As shown 1n FIG. 12, the LED applied to the semiconduc-
tor light emitting device and the fabrication method for the
same according to the present embodiment includes: a GaAs
substrate 23; an AllnGaP layer 24 disposed on the GaAs
substrate 23; an n type GaAs layer 25 disposed on the Alln-
GaP layer 24; an epitaxial growth layer 26 disposed on the n
type GaAs layer 25; a patterned metallic contacts layer 11 and
a patterned insulating layer 17 disposed on the epitaxial
growth layer 26; and a metal layer 12 disposed on the pat-
terned metallic contacts layer 11 and the patterned insulating,
layer 17.

In the structure of FIG. 12, the thickness of the GaAs
substrate 23 1s about 300 um, for example, and the thickness
of the AlInGaP layer 24 1s about 350 nm, for example. More-
over, the n type GaAs layer 25 functions as a contact layer
between the GaAs substrate 23 and the epitaxial growth layer
26 via the AllnGaP layer 24, and the thickness 1s about 500
nm, for example. The epitaxial growth layer 26 includes: ann
type window layer composed of an AlGaAs layer; an n type
cladding layer; an MQW layer composed of a plurality of
pairs of the heterojunction of GaAs/AlGaAs; an n type clad-
ding layer composed of an AlGaAs layer; and a p type win-
dow layer composed of an AlGaAs layer/GaP layer. The
MQW layer 1s composed of an MQW (Multi-Quantum Well)
structure which laminates about 100 pairs of heterojunction
pairs composed of a GaAs/GaAlAs layer, for example, and
the thickness 1s formed 1n about 1.6 um, for example.

Moreover, the metallic contacts layer 11 1s formed, for
example of an AuBe layer or an alloy layer of AuBe and Ni,
tor example. The thickness 1s the same grade as the mnsulating
layer 17, and 1s about 450 nm.

The metallic contacts layer 11 may be formed, for example
as layered structure, such as Au/AuBe—Ni alloy/Au. The
insulating layer 17 1s formed, for example of a silicon dioxide
film, a silicon nitride film, an S1ON film, an S10,N_, film, or
these multilayer films.

The metal layer 12 1s formed, for example of an Au layer,
and the thickness 1s about 2.5 to 5 um, for example. The p type
cladding layer 1n the epitaxial growth layer 26 1s formed of an
AlGaAs layer or a multilayer structure of an AlGaAs layer
applying the conductivity type as p~ type and an AlGaAs
layer applying the conductivity type as p~ type, for example,
and the thickness 1s about 0.1 um, for example. The n type
cladding layer 1n the epitaxial growth layer 26 1s formed, for
example of a n type AlGaAs layer, and the thickness 1s about
0.1 um, for example. An n type window layer 1s composed, for
example of a multilayer structure of an AlGaAs layer and a
(GaAs layer formed on the multilayer structure of the AlGaAs
layer, and the whole thickness 1s about 0.95 um, for example.
A p type window layer 1s composed, for example of a multi-
layer structure of an AlGaAs layer and a GaP layer formed on
the multilayer structure of the AlGaAs layer, and the whole
thickness 1s about 0.32 um, for example.

As shown 1n FIG. 20, the semiconductor light emitting
device according to the present embodiment 1s formed by
bonding mutually the silicon substrate structure shown in
FIG. 11, and the LED structure shown in FIG. 12 by the wafer
bonding technology.

That 1s, as shown i FIG. 20, the semiconductor light
emitting device according to the present embodiment
includes: a silicon substrate structure composed of a silicon
substrate 21, a titanmium layer 22 disposed on the silicon
substrate 21, and a metal layer 20 disposed on the titanium
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layer 22; and an LED structure composed of a metal layer 12
disposed on the metal layer 20, a patterned metallic contacts
layer 11 and a patterned insulating layer 17 disposed on the
metal layer 12, an epitaxial growth layer 26 disposed on the
patterned metallic contacts layer 11 and the patterned 1nsu-
lating layer 17 and having a frosting processing region 30
(region formed by performing frosting processing of the
exposed n type GaAs layer 25) on the exposed surface, a
patterned n type GaAs layer 25 disposed on the epitaxial
growth layer 26, and a patterned surface electrode layer 29
disposed on the n type GaAs layer 25 similarly. In addition, 1n
the silicon substrate structure, a titanium layer 27 and a back
surface electrode layer 28 are disposed at the back side of the
silicon substrate 21. Moreover, a blocking layer 31 for pre-
venting current concentration may be disposed between the
epitaxial growth layer 26 and the n type GaAs layer 25, as
shown 1n FIG. 21 and FIG. 22 which are described later. As a
material of the blocking layer 31 1n this case, GaAs can be
applied, and the thickness 1s about 500 nm, for example.

Also 1n the semiconductor light emitting device according
to the present embodiment, as shown 1n FI1G. 20, 1t 1s possible
to form a metallic reflecting layer having a suificient reflec-
tion factor by bonding the silicon substrate structure and the
LED structure composed of the epitaxial growth layer by
using the metal layer 12. The metallic reflecting layer 1s
beforehand formed of the metal layer 12 disposed at the LED
structure side. Since a mirror surface 1s formed of the inter-
face between the msulating layer 17 and the metal layer 12,
the radiated light from the LED 1s reflected in the aforemen-
tioned mirror surface. Although the metallic contacts layer 11
1s a layer for achieving the ohmic contact of the metal layer 12
and the epitaxial growth layer 26, the metallic contacts layer
11 1s intervened to the interface between the metal layer 12
and the epitaxial growth layer 26, and has the thickness of the
same grade as the insulating layer 17.

(Plane Pattern Structure)

Since a substantial light emitting region 1s limited when the
pattern width of the metallic contacts layer 11 1s wide, the area
elficiency reduces and the light emitting efficiency decreases.
On the other hand, when the pattern width of the metallic
contacts layer 11 1s narrow, the sheet resistivity of the metallic
contacts layer 11 increases and the forward voltage Vi of LED
rises. Accordingly, there are the optimal pattern width W and
the pattern pitch D1. In some examples of the pattern, there 1s
a honeycomb pattern structure based on a hexagon or a cir-
cular dotted pattern structure based on a circular dotted shape
basic structure.

A schematic plane pattern structure of the LED applied to
the semiconductor light emitting device and the fabrication
method for the same according to the present embodiment has
the honeycomb pattern structure based on a hexagonal basic
structure, for example, as shown 1n FIG. 13. In FIG. 13, the
shaped part shown by the width W shows a pattern of the
metallic contacts layer 11 formed, for example of an AuBe
layer or an alloy layer of AuBe and Ni also 1n FIG. 12. The
hexagonal pattern having the width D1 1s equivalent to a part
of the insulating layer 17, and expresses a region where the
radiated light from LED 1s guided. The width D1 1s about 100
um, for example, and the line width W 1s about 5 um to about
11 um.

Another schematic plane pattern structure of the LED
applied to the semiconductor light emitting device and the
fabrication method for the same according to the present
embodiment has a dotted pattern structure based on around
shape, for example, as shown 1n FIG. 14. In FIG. 14, the
shaped part shown by the width d shows a pattern of the
metallic contacts layer 11 formed of an AuBe layer or an alloy
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layer of AuBe and N11n FIG. 12, and 1s disposed by the pattern

pitch having the width D2. In FIG. 14, the region except the

circular pattern part having the width d and the pattern pitch

D2 1s equivalent to a part of the insulating layer 17, and

expresses a region where the radiated light from LED 1s

guided. The pattern pitch D2 1s about 100 um, for example,
and the width d 1s about 5 um to about 11 um.

The schematic plane pattern structure of the LED applied
to the semiconductor light emitting device the fabrication
method for the same according to the present embodiment
and 1s not limited to the hexagonal honeycomb pattern and the
circular dotted pattern, but a random pattern for disposing a
triangular pattern, a rectangular pattern, a hexagonal pattern,
an octagonal pattern, a circular dotted pattern, etc. at random
1s also applicable.

The schematic plane pattern structure of the LED applied
to the semiconductor light emitting device according to the
present embodiment has only to be able to secure the metal
wiring pattern width which 1s a level in which the forward
voltage VI of LED does not rise without reducing the light
emitting brightness from the LED securing the size of a light
guide region.

(Fabrication Method)

The fabrication method of the semiconductor light emait-
ting device according to the present embodiment will be
explained hereinafter.

Schematic cross-section structures for explaining one pro-
cess of the fabrication method of the semiconductor light
emitting device according to the present embodiment is
expressed as shown 1n FIG. 11 to FIG. 20.

(a) First of all, a silicon substrate structure for water bonding
1s prepared as shown in FIG. 11, and an LED structure for
waler bonding 1s prepared as shown in FIG. 12. In the
silicon substrate structure, the titanium layer 22 and the
metal layer 20 composed of Au, etc. are formed one after
another using a spattering technique, a vacuum evaporation
technique, etc. on the silicon substrate 21. In the LED
structure, the AllnGaP layer 24 on the GaAs substrate 23,
the n type GaAs layer 25, and the epitaxial growth layer 26
are formed one after another using an MBE (Molecular
Beam Epitaxy) method, an MOCVD (Metal Organic
Chemical Vapor Deposition) method, etc. Next, the metal-
lic contacts layer 11 and the metal layer 12 are formed for
the patterned insulating layer 17 on the epitaxial growth
layer 26 by using a lift oif method.

(b) Next, as shown in FIG. 15, the silicon substrate structure
for water bonding shown in FIG. 11, and the LED structure
for water bonding shown 1n FIG. 12 are bonded. In the
bonding process, 1t performs on the conditions for about
340 degrees C. as a thermocompression bonding tempera-
ture, about 18 MPa as a thermocompression bonding pres-
sure, and about 10 minutes as thermocompression bonding
time, by using a pressing machine, for example.

(c) Next, as shown 1n FIG. 16, the titanium layer 27 and the
back surface electrode layer 28 composed of Au, etc. are
formed for the back side of the silicon substrate 21 one after
another using a spattering technique, a vacuum evaporation
technique, etc. When not making the titanium layer 27
intervene between the Au layer and the silicon substrate 21,
Au of the joined part between the silicon substrate 21 and
the Au layer becomes AuSi silicide and the reflection factor
1s reduced 11 sintering 1s performed 1n order to achieve the
ohmic contact. Therefore, the titanium layer 27 1s a metal
for bonding the silicon substrate 21 with the Au layer. In
order to prevent AuSi siliciding, tungsten (W) 1s needed as
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a barrier metal, and 1t 1s necessary to form a metal layer by
silicon substrate/T1/W/Au from the substrate side as a

structure at that time.

(d) Next, as shown 1 FIG. 17, after protecting the back
surface electrode layer 28 by resist etc., the GaAs substrate
23 1s removed by etching. The etching time 1s about 65 to
85 minutes by using the etching solution consisting of
ammonia/hydrogen peroxide solution, for example. Here,
the AlInGaP layer 24 performs an important function as an
etching stopper.

(¢) Next, as shown 1 FIG. 18, the AllnGaP layer 24 1s
removed by using a hydrochloric acid based etching solu-
tion. The etching time 1s about 1 minute and a half, for
example.

(1) Next, as shown 1n FI1G. 19, the surface electrode layer 29 1s
patterned after formation using a spattering technique, a
vacuum evaporation technique, etc. The pattern of the sur-
face electrode layer 29 1s substantially matched with the
pattern of the metallic contacts layer 11. A layered struc-
ture composed of Au/ AuGe—Ni1 alloy/Au, for example can
be used as a material of the surface electrode layer 29.
Here, the n type GaAs layer 235 has a removal preventing
function for the surface electrode layer 29.

(g) Next, as shown 1 FIG. 20, the n type GaAs layers 25
except n type GaAs layer 25 directly under the surface
clectrode layer 29 1s removed by performing frosting pro-
cessing. As conditions for frosting processing, 1t can carry
out by a nitric acid-sulfuric acid based etching solution of
about 30 degrees C. to 50 degrees C. and time periods of
about 5 seconds to about 15 seconds, for example. In addi-
tion, the GaO, film formed on the surface 1s removable by
ctching the n type GaAs layer 25 as preprocessing of the
frosting processing using the thin liquid of fluoric acid. As
the etching time, 1t 1s about 3 minutes, for example.

In addition, a tungsten (W) barrier metal, a platinum (Pt)
barrier metal, etc. can also be used as an alternative of the
titanium layer 22 and the titanium layer 27, for example.

According to the above explanation, as shown 1n FIG. 20,
the semiconductor light emitting device according to the
fourth embodiment of the present invention using the silicon
substrate 21 1s completed.

Modified Example of Fourth Embodiment

A schematic cross-section structure for explaining one pro-
cess of a fabrication method of a semiconductor light emitting
device according to a modified example of the present
embodiment 1s expressed as shown in FIG. 21. Moreover, a
schematic cross-section structure for explaining one process
of a fabrication method of a semiconductor light emitting
device according to another modified example of the present
embodiment 1s expressed as shown i FIG. 22.

The semiconductor light emitting device according to the
modified example of the present embodiment 1s formed by
bonding mutually a silicon substrate structure shown 1n FIG.
11 and an LED structure shown in FIG. 12 by the waler
bonding technology, as shown in FIG. 21.

That 1s, as shown i FIG. 20, the semiconductor light
emitting device according to the present embodiment
includes: a GaAs substrate structure composed of a GaAs
substrate 15, a metal buifer layer (AuGe—Ni1 alloy layer) 32
disposed on the GaAs substrate 15, and a metal layer (Au
layer) 33 disposed on the metal buffer layer 32; and an LED
structure which composed of a metal layer 12 disposed on the
metal layer 33, a patterned metallic contacts layer 11 and a
patterned 1nsulating layer 17 disposed on the metal layer 12,
an epitaxial growth layer 26 disposed on the patterned metal-




US 8,106,412 B2

17

lic contacts layer 11 and the patterned isulating layer 17 and
having a frosting processing region 30 (region formed by
performing frosting processing of the exposed n type GaAs
layer 25) on the exposed surface, a patterned n type GaAs
layer 25 disposed on the epitaxial growth layer 26, and a
patterned surface electrode layer 29 disposed on the n type
GaAs layer 25 similarly. In addition, in the GaAs substrate
structure, a metal butier layer (AuGe—Ni1 alloy layer) 34 and
a back surface electrode layer 35 are disposed at the back side
of the GaAs substrate 15. Moreover, as shown 1n FIG. 22, a
blocking layer 31 for preventing current concentration may
be disposed between the epitaxial growth layer 26 and the n
type GaAs layer 25. As a material of the blocking layer 31 in
this case, GaAs can be applied and the thickness 1s about 500
nm, for example.

Also 1n the semiconductor light emitting device according
to the modified example of the present embodiment, as shown
in FIG. 21, 1t 1s possible to form a metallic reflecting layer
having a suflicient reflection factor by bonding the GaAs
substrate structure and the LED structure composed of epi-
taxial growth layer, by using the metal layer 12. The metallic
reflecting layer 1s beforchand formed of the metal layer 12
disposed at the LED structure side. Since a mirror surface 1s
tformed of the interface between the msulating layer 17 and
the metal layer 12, the radiated light from the LED 1s reflected
in the aforementioned mirror surface. Although the metallic
contacts layer 11 1s a layer for achieving the ohmic contact of
the metal layer 12 and the epitaxial growth layer 26, the
metallic contacts layer 11 1s intervened to the interface
between the metal layer 12 and the epitaxial growth layer 26,
and has the thickness of the same grade as the insulating layer
17.

In the structure of FIG. 21 and FIG. 22, the metal buffer
layer 34 formed at the back side of the GaAs substrate 15 1s
formed, for example of an AuGe—Ni1 alloy layer, and the
thickness 1s about 100 nm. Moreover, the back surface elec-
trode layer 35 1s formed of an Au layer, and the thickness 1s
about 500 nm. The metal buifer layer 32 formed on the
surface of the GaAs substrate 135 1s formed, for example of an
AuGe—Ni alloy layer, and the thickness 1s about 100 nm.
Furthermore, the metal layer 33 1s formed of an Au layer, and
the thickness 1s about 1 um.

Since each process of the fabrication method of the semi-
conductor light emitting device according to the present
embodiment shown 1n FIG. 11 to FIG. 20 1s the same also 1n
the fabrication method of the semiconductor light emitting
device according to the modified example of the present
embodiment, the explanation 1s omaitted.

A schematic plane pattern structure of LED applied to the
semiconductor light emitting device and the fabrication
method for the same according to the modified example of the
present embodiment can also apply the same structure as FIG.
13 or FIG. 14.

It 1s also available to form the metal butfer layer 18 (refer to
FIG. 6) composed of Ag, Al, etc. between the insulating layer
17 and the metal layer 12 explained in the modified example
of the second embodiment, also in the semiconductor light
emitting device according to the present embodiment and 1ts
modified example. It 1s because the light of short wavelength,
such as ultraviolet rays having a low reflection factor, can be
ciliciently reflected at Au by forming the metal buffer layer 18
composed of Ag, Al, efc.

According to the semiconductor light emitting device
according to the present embodiment and 1ts modified
example, and the fabrication method for the same, the high
brightness of LED can be achieved since the contact with the
epitaxial growth layer 26 and the metal layer 12 can be
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avoided, the optical absorption can be prevented, and the
metallic reflecting layer having a suflicient reflection factor
can be formed by 1ntervening the transparent insulating layer
17 between the metallic retlecting layer and the semiconduc-
tor layer.

Moreover, according to the semiconductor light emitting,
device according to the present embodiment and 1ts modified
example, and the fabrication method for the same, the light of
short wavelength, such as ultraviolet rays having a low retlec-
tion factor, can be efficiently retlected at Au, and the high
brightness of the LED can be achueved, by forming the metal
butiler layer composed of Ag, Al, etc. between the msulating
layer 17 and the metal layers 12 and 20.

Moreover, according to the semiconductor light emitting,
device according to the present embodiment and 1ts modified
example, and the fabrication method for the same, the high
brightness of the LED can be achieved since the contact with
the epitaxial growth layer 26 and the metal layer 12 1s avoided
and the light 1s not absorbed 1n the interface between the
epitaxial growth layer 26 and the metallic reflecting layer.

According to the semiconductor light emitting device
according to the present embodiment and 1ts modified
example, and the fabrication method for the same, the high
brightness of the LED can be performed since 1t becomes
possible to perform the total reflection of the light by using the
metal for the reflecting layer in order to prevent the optical
absorption to the silicon substrate or the GaAs substrate, to
prevent the absorption to the silicon substrate or the GaAs
substrate, and to reflect the light of all angles.

Other Embodiments

The present 1invention has been described by the first to
fourth embodiments, as a disclosure including associated
description and drawings to be construed as illustrative, not
restrictive. With the disclosure, artisan might easily think up
alternative embodiments, embodiment examples, or applica-
tion techniques.

In the semiconductor light emitting device and the fabri-
cation method for the same according to the first to fourth
embodiment, although the silicon substrate and the GaAs
substrate are mainly explained to the example as the semi-
conductor substrate, it 1s available enough 1n Ge S1Ge, S1C,
(GaN substrate, or a GaN epitaxial substrate on Si1C.

Although the LED 1s mainly explained to the example as
the semiconductor light emitting device according to the first

to fourth embodiment, an LD (Laser Diode) may be com-
posed, and 1n that case, a DFB (Distributed Feedback) LD, a

DBR (Distributed Bragg Retlector) LD, a VCSEL (Vertical
Cavity Surface Emitting Laser Diode), etc. may be com-
posed.

Such being the case, the present invention covers a variety
of embodiments, whether described or not. Therefore, the
technical scope of the present invention 1s appointed only by
the invention specific matter related appropriate scope of
claims from the above-mentioned explanation.

According to the semiconductor light emitting device and
the fabrication method for the same according to the present
invention, the high brightness of the LED can be achieved
since the barrier metal becomes unnecessary by bonding the
epitaxial growth layer and the semiconductor substrate by
using the metal layer composed of Au 1n order to solve the
problem of Sn diffusion by Au—=Sn alloy layer, and the metal-
lic reflecting layer having a suificient optical reflection factor
can be formed 1n the structure at the side of the LED by using
the metal layer composed of Au.
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According to the semiconductor light emitting device and
the fabrication method for the same according to the present
invention, the high brightness of the LED can be achieved
since the contact with the semiconductor layer and the metal-
lic reflecting layer can be avoided, the optical absorption 1n
the interface between the semiconductor layer and the metal-
lic reflecting layer can be prevented, and the metallic reflect-
ing layer having a suificient reflection factor can be formed,
by 1inserting the transparent insulating film between the
metallic retlecting layer and the semiconductor layer.

According to the semiconductor light emitting device, and
the fabrication method for the same according to the present
invention, the high brightness of the LED can be performed
since 1t 1s possible to perform the total reflection of the light
by using the metal for the reflecting layer 1n order to prevent
the optical absorption to the GaAs substrate, to prevent the
absorption to the GaAs substrate, and to retlect the light of all
angles.

INDUSTRIAL APPLICABILITY

The semiconductor light emitting device and the fabrica-
tion method for the same according to the embodiments of the
invention can be used for whole semiconductor light emitting
devices, such as an LED device having a non-transparent
substrate, such as a GaAs substrate and a S1 substrate, and an
LD device.

The mvention claimed 1s:

1. A semiconductor light emitting device comprising:

a silicon substrate structure including a silicon substrate, a
titanium layer disposed on the silicon substrate, and a
first metal layer disposed on the titanium layer; and

a light emitting diode structure including a second metal
layer disposed on the first metal layer, a patterned metal
contact layer and a patterned msulating layer disposed
on the second metal layer, an epitaxial growth layer
disposed on the patterned metal contact layer and the
patterned insulating layer and having a frosting process-
ing region on a surface exposed, a patterned n type GaAs
layer disposed on the epitaxial growth layer, and a pat-
terned surface electrode layer disposed on the n type
(GaAs layer, wherein

the silicon substrate structure and the light emitting diode
structure are bonded by using the first metal layer and the
second metal layer.

2. The semiconductor light emitting device according to

claim 1, wherein a back surface electrode layer 1s disposed at
the back side of the silicon substrate and a blocking layer for
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preventing current concentration is disposed between the epi-
taxial growth layer and the n type GaAs layer, 1n the silicon
substrate structure.

3. The semiconductor light emitting device according to
claim 1, wherein a metallic reflecting layer 1s formed of the
second metal layer disposed beforehand in the light emitting
diode structure side, and radiated light from the light emitting
diode structure 1s reflected on a mirror surface formed 1n an
interface between the msulating layer and the second metal
layer.

4. A semiconductor light emitting device comprising:

a GaAs substrate structure including a GaAs substrate, a
metal builer layer disposed on the GaAs substrate, and a
first metal layer disposed on the metal butfer layer; and

a light emitting diode structure including a second metal
layer disposed on the first metal layer, a patterned metal
contact layer and a patterned msulating layer disposed
on the second metal layer, an epitaxial growth layer
disposed on the patterned metal contact layer and the
patterned msulating layer and having a frosting process-
ing region on a surface exposed, a patterned n type GaAs
layer disposed on the epitaxial growth layer, and a pat-
terned surface electrode layer disposed on the n type
(GaAs layer, wherein

the GaAs substrate structure and the light emitting diode
structure are bonded by using the first metal layer and the
second metal layer.

5. The semiconductor light emitting device according to
claim 4, wherein a back surface electrode layer 1s disposed at
the back side of said GaAs substrate and a blocking layer for
preventing current concentration 1s disposed between the epi-
taxial growth layer and the n type GaAs layer, 1n the GaAs
substrate structure.

6. The semiconductor light emitting device according to
claim 4, wherein a metallic reflecting layer 1s formed of the
second metal layer disposed beforehand in the light emitting
diode structure side, and radiated light from light emitting
diode structure 1s retlected on a mirror surface formed 1n an
interface between the msulating layer and the second metal
layer.

7. The semiconductor light emitting device according to
claim 4 further comprising a metal buifer layer disposed on
the metal layer, and disposed between the metal layer, and the
patterned metal contact layer and the patterned insulating
layer.
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